Introduction
============

Psoriasis vulgaris is a chronic inflammatory condition associated with significant morbidity and mortality.[@b1-ptt-6-131] Plaque psoriasis is the most common form of psoriasis vulgaris and classically presents as discrete, erythematous plaques with an overlying silvery scale on extensor surfaces. Psoriasis can also involve the nails and scalp or progress to erythroderma. Less common clinical presentations include guttate, inverse, or pustular psoriasis.[@b2-ptt-6-131]

Within the classification of pustular psoriasis, the disease is further subdivided into generalized pustular psoriasis (GPP) and localized pustular psoriasis. GPP includes acute GPP, pustular psoriasis of pregnancy, and infantile/juvenile pustular psoriasis. Localized pustular psoriasis includes palmoplantar psoriasis and acrodermatitis continua of Hallopeau (ACH).[@b2-ptt-6-131]--[@b5-ptt-6-131]

All variants of pustular psoriasis have similar presentations in that they involve an eruption of superficial pustules in a given distribution, typically with an erythematous base or studded on a background of erythema. As such, histopathologic examination of all variants reveals parakeratosis, extensive mononuclear and neutrophilic inflammatory infiltrate in the epidermis, and epidermal edema and hyperplasia.[@b5-ptt-6-131]--[@b10-ptt-6-131] Spongiform pustules of Kogoj and hyperplasia of suprapapillary capillaries may be seen.[@b5-ptt-6-131],[@b11-ptt-6-131]--[@b13-ptt-6-131] Munro's microabscesses typical of plaque psoriasis are frequently seen as well.[@b13-ptt-6-131]

Generalized pustular psoriasis
==============================

Acute GPP (von Zumbusch type)
-----------------------------

### History

Acute GPP, also known as von Zumbusch type, is a dermatologic disease for which classification is somewhat debated.[@b14-ptt-6-131] Sixty-five percent of cases of acute GPP occur in patients with a prior diagnosis of psoriasis vulgaris,[@b15-ptt-6-131],[@b16-ptt-6-131] and historically, acute GPP has been presented as a variant of plaque psoriasis. However, recent research indicates that acute GPP and plaque psoriasis are genetically distinct conditions without a common pathophysiologic mechanism.[@b17-ptt-6-131]

### Epidemiology/presentation

Acute GPP is associated with significant morbidity and in some cases, mortality, especially in the absence of appropriate treatment.[@b16-ptt-6-131] It is characterized by generalized sterile pustule formation with widespread inflammation and erythema ([Figure 1](#f1-ptt-6-131){ref-type="fig"}). The pustules often expand and coalesce, forming lakes of pus.[@b1-ptt-6-131] Acute GPP is often associated with systemic symptoms such as fever, chills, malaise, anorexia, nausea, and severe pain.[@b1-ptt-6-131],[@b18-ptt-6-131] Other physical findings may be present with acute GPP, such as subungual pustules and geographic tongue.[@b1-ptt-6-131] The systemic nature of the disease is reflected in the laboratory abnormalities found in many patients, including hypocalcemia and hypoalbuminemia, as well as in the possible presence of polyarthralgias and neutrophilic cholangitis-induced cholestasis.[@b19-ptt-6-131],[@b20-ptt-6-131]

The mean age at onset of acute GPP is 40.9 years, with no difference in onset related to the presence or absence of a prior history of psoriasis vulgaris.[@b15-ptt-6-131] Two separate studies have found a higher incidence of acute GPP in male, with an incidence of 57%--62%.[@b16-ptt-6-131],[@b20-ptt-6-131] The majority of studies, however, found a predominance in female, ranging from 53% to 73%.[@b15-ptt-6-131],[@b19-ptt-6-131],[@b21-ptt-6-131],[@b22-ptt-6-131] Females do tend to have a nonstatistically significant earlier onset compared to male, with a mean age of 39.4 years compared to 44.3 years.[@b15-ptt-6-131]

### Pathophysiology

Various precipitating factors have been reported to trigger or flare acute GPP, including corticosteroid use and withdrawal, pregnancy (also termed impetigo herpetiformis), upper respiratory tract infections, stress, nonsteroidal anti-inflammatory drugs, terbinafine, ustekinumab, tumor necrosis factor (TNF)-α inhibitors, and methotrexate.[@b15-ptt-6-131],[@b23-ptt-6-131]

The use and subsequent withdrawal of systemic corticosteroids is an important cause of an eruption of acute GPP.[@b24-ptt-6-131] The use of systemic corticosteroids leads to inhibition of the inflammatory system. Acute withdrawal of systemic corticosteroids can lead to an acute inflammatory process acting as a trigger for acute GPP.[@b12-ptt-6-131] In one retrospective study of 102 patients with acute GPP, systemic glucocorticoids were determined to be a likely trigger for the onset of the disease in 44% of patients.[@b15-ptt-6-131]

Upper respiratory tract infections, and other infections, can also lead to an acute activation of neutrophils, which may act as a trigger for the onset of acute GPP.[@b12-ptt-6-131] Choon et al[@b15-ptt-6-131] reported that acute infections have been found to be a trigger or exacerbating factor in 16% of acute GPP patients, with 38.5% of patients exhibiting positive antistreptolysin antibodies. Ustekinumab, a monoclonal antibody against the p40 subunit common to interleukin (IL)-12 and IL-23, which is commonly used for the treatment of plaque psoriasis, can lead to a change in a patient's psoriasis morphology from plaque psoriasis to pustular psoriasis and can also cause new or worsening acute GPP.[@b25-ptt-6-131],[@b26-ptt-6-131] Other drugs, such as terbinafine and methotrexate, may also serve as triggers for acute GPP as a form of drug-specific allergic reactions, which can often be confirmed with patch tests.[@b12-ptt-6-131],[@b27-ptt-6-131]

GPP may also be strongly associated with certain predisposing genetic factors. In a study of nine Tunisian families with GPP, a genetic mutation in the *IL36RN* gene leading to an aberrant IL-36 receptor antagonist (IL-36RA) was discovered in all affected patients in the study and was noted to cause an unstable IL-36RA protein with decreased affinity for its receptor.[@b28-ptt-6-131] The mutation in the IL-36RA protein also led to an increase in proinflammatory cytokines.[@b29-ptt-6-131] GPP in the setting of this specific genetic mutation has been termed "DITRA" or "deficiency in IL-36RA".[@b30-ptt-6-131] The *IL36RN* gene codes for the IL-36RA molecule. This molecule inhibits the effects of multiple IL-36--associated cytokines, including IL-36α, IL-36β, and IL-36γ, all of which are members of the IL-1 cytokine family.[@b31-ptt-6-131] These and numerous other cytokines in the IL-1 cytokine family are abundantly expressed in skin.[@b32-ptt-6-131] When the IL-36R is bound by an agonistic cytokine in the IL-1 family, downstream proinflammatory pathways are activated.[@b30-ptt-6-131] However, the inhibitory effect of IL-36RA competes with the agonistic IL-36 cytokines for attachment to IL-36R.[@b30-ptt-6-131] Antagonism of the IL-36R with the IL-36RA results in an anti-inflammatory milieu by the inhibition of the nuclear factor kappa-light-chain-enhancer of activated B cells and mitogen-activated protein kinase signaling pathways and the activation of their downstream inflammatory pathways.[@b30-ptt-6-131],[@b31-ptt-6-131],[@b33-ptt-6-131] Hence, without the anti-inflammatory effect of functional IL-36RA (as is seen in mutations of the *IL36RN* gene), IL-36 is uninhibited in its ability to enhance the production of proinflammatory mediators, leading to the unopposed effects of IL-36 on nuclear factor kappa-light-chain-enhancer of activated B cells and mitogen-activated protein kinase inflammatory pathways.[@b28-ptt-6-131],[@b32-ptt-6-131],[@b34-ptt-6-131]

IL-36R can be located on a number of cells found in the skin, including dendritic cells, keratinocytes, and monocytes.[@b30-ptt-6-131] IL-36R activation can also stimulate type 1 T-helper cells (T~H~1 cells) in humans. Activation of IL-36R within these cells leads to activation of inflammation within the skin and development of the clinical features of inflammatory skin conditions, specifically GPP.

GPP and its important genetic association with IL-36RA deficiency has also been shown to exhibit a gene dosage effect. In individuals found to have only monoallelic mutations in the *IL36RN* gene, the onset of GPP is significantly delayed.[@b31-ptt-6-131] This delay is perhaps due to these heterozygous patients requiring longer or more intense exposure to the precipitating factors associated with GPP in order to develop the disease.[@b31-ptt-6-131] However, despite the evidence of a strong correlation between IL-36RA deficiency and GPP, not all patients with GPP have evidence of IL-36RA mutations.

Another study regarding the various possible genetic mutations associated with GPP was conducted in nine children from six families who presented with neonatal sterile osteomyelitis, periostitis, and generalized pustulosis. This study discovered the condition present in these children was linked to a genetic mutation involving *IL1RN*, which encodes the IL-1 receptor antagonist. The IL-1 receptor antagonist inhibits IL-1α and IL-1β, which are proinflammatory cytokines. A mutation in the gene *ILRN* leads to the absence of IL-1 receptor antagonist protein, resulting in uninhibited inflammatory actions of IL-1α and IL-1β.[@b35-ptt-6-131]

### Treatment

While the treatment of chronic plaque psoriasis has become relatively effective in the era of biologic therapies, treatment of pustular forms of psoriasis remains an area lacking in research, in part due to the rarity of the disease.[@b36-ptt-6-131] This dearth of research has led to lack of universally accepted, evidence-based guidelines for treatment and management of pustular forms of psoriasis and off-label use of many medications.[@b37-ptt-6-131] Evaluation of the various treatment options available has yielded limited guidance on selecting therapies for such patients.[@b18-ptt-6-131] Therapeutic choices for pustular psoriasis are most often based on severity, extent of involvement, and disease morphology.[@b18-ptt-6-131]

Acute GPP has proven to be, like many psoriasis variants, a difficult disease to treat. Guidelines published in 2012 by the Medical Board of the National Psoriasis Foundation recommend acitretin, cyclosporine, or methotrexate to be the first-line therapies for acute GPP ([Table 1](#t1-ptt-6-131){ref-type="table"}).[@b18-ptt-6-131] Severe and extensive disease is likely to most effectively be treated with infliximab or cyclosporine, given the quicker onset of action with these drugs.[@b18-ptt-6-131] Infliximab, a TNF-α inhibitor, has a uniquely rapid onset of therapeutic effect. One study described the efficacy in nine of ten patients with acute GPP who experienced results within 24 hours to 7 days of the first treatment.[@b38-ptt-6-131] A similar study showed an improvement in all patients with acute GPP at 2 weeks following initiation of infliximab therapy, with disappearance of pustules in all enrolled patients and continued remission at 30 weeks.[@b38-ptt-6-131],[@b39-ptt-6-131]

The recommended second-line therapies include adalimumab, etanercept, psoralen plus ultraviolet-A (PUVA) phototherapy, topical corticosteroids, topical calcipotriene, and topical tacrolimus, or combination therapy for recalcitrant disease (which includes a first-line oral systemic agent plus a biologic agent such as adalimumab or etanercept).[@b18-ptt-6-131],[@b40-ptt-6-131]--[@b45-ptt-6-131] The initial use of infliximab to treat severe acute disease, followed by treatment with etanercept has also been reported to be successful.[@b18-ptt-6-131] The use of systemic steroids is generally avoided when treating pustular psoriasis, given the risk of worsening disease following withdrawal of the medication. If necessary, however, they may be used in circumstances in which other therapeutic options are not available.[@b43-ptt-6-131]

In recent years, additional reports of biologic therapies targeting IL-1, IL-12/23p40, and IL-17A have been reported. Anakinra, an IL-1 receptor antagonist, has been described to successfully treat GPP, and gevokizumab, an IL-1β inhibitor, showed some promise in treating two patients with GPP.[@b46-ptt-6-131]--[@b48-ptt-6-131] Ustekinumab, a monoclonal antibody targeted against the shared p40 subunit of IL-12 and IL-23, has been used to successfully treat GPP, as well.[@b37-ptt-6-131] Most recently, the biologic therapy secukinumab, an IL-17A inhibitor, has shown promising ability to provide rapid resolution of symptoms in the treatment of GPP.[@b49-ptt-6-131]

The unique treatment of GPP with granulocyte and monocyte adsorption (GMA) apheresis has also been described. Because the immunopathogenesis of GPP involves activated neutrophils and monocytes, GMA provides an effective treatment that involves removal of activated granulocytes and monocytes from the patient's circulation, resulting in improvement of acute GPP.[@b14-ptt-6-131],[@b50-ptt-6-131],[@b51-ptt-6-131]

Despite reports of successful treatment of acute GPP with various biologic agents, the literature supporting the treatment of acute GPP is weak.[@b18-ptt-6-131] Further exploration with larger, randomized, controlled studies of biological medications in the treatment of acute GPP are needed in order to determine its efficacy and safety on a larger scale.[@b47-ptt-6-131]

Pustular psoriasis of pregnancy
-------------------------------

### History

The pustular dermatitis, known today as pustular psoriasis of pregnancy, was first described in 1872 by Von Hebra using the term "impetigo herpetiformis".[@b52-ptt-6-131] Later, clinical and histological studies of patients with impetigo herpetiformis led to the discovery of similarities between this entity and pustular psoriasis. However, the classification of this dermatitis as a disease distinct from pustular psoriasis is still debated, and in various studies, it continues to be discussed as impetigo herpetiformis.[@b10-ptt-6-131],[@b53-ptt-6-131]

### Epidemiology/presentation

Pustular psoriasis of pregnancy is a rare autoimmune inflammatory dermatosis observed most commonly in the second half to third trimester of pregnancy. Some publications, however, report the occurrence as early as the first month of pregnancy.[@b10-ptt-6-131],[@b11-ptt-6-131],[@b54-ptt-6-131],[@b55-ptt-6-131] The true incidence of pustular psoriasis of pregnancy is unknown owing to the paucity of published cases.[@b54-ptt-6-131]

Patients typically present with an eruption of numerous sterile pustules overlying annular or polycyclic erythematous patches, with lesions usually beginning within skin folds and spreading radially.[@b53-ptt-6-131],[@b56-ptt-6-131] The face, palms, and soles are largely spared.[@b11-ptt-6-131] Constitutional symptoms may also be present, including fever, chills, malaise, nausea, diarrhea, dehydration, arthralgias, and even tachycardia and seizures.[@b11-ptt-6-131],[@b53-ptt-6-131] Common lab findings include leukocytosis with a neutrophilic predominance, anemia, increased erythrocyte sedimentation rate, as well as hypocalcemia, hypophosphatemia, hypoalbuminemia, and decreased vitamin D levels in some cases.[@b5-ptt-6-131],[@b11-ptt-6-131],[@b53-ptt-6-131],[@b57-ptt-6-131] In reports of more severe disease, hypocalcemia which led to tetany, delirium, and convulsions was observed.[@b55-ptt-6-131]

The presence of pustular psoriasis of pregnancy has been historically associated with poor neonatal outcomes including placental insufficiency, stillbirth, fetal abnormalities, and early neonatal death, with a correlation between severity and duration of the disease and poor neonatal prognosis.[@b11-ptt-6-131],[@b58-ptt-6-131],[@b59-ptt-6-131] Maternal death has also been reported.[@b52-ptt-6-131] Given this correlation, patients who present with severe or recalcitrant pustular psoriasis of pregnancy are often counseled regarding early induction of labor.[@b10-ptt-6-131] Following delivery, many patients have dramatic and rapid resolution of their dermatologic disease.[@b5-ptt-6-131],[@b10-ptt-6-131],[@b11-ptt-6-131] However, recurrence of disease in subsequent pregnancies is common.[@b58-ptt-6-131],[@b60-ptt-6-131]

### Pathophysiology

The pathophysiology of pustular psoriasis of pregnancy is even more elusive than in other forms of pustular psoriasis, which is likely due to the low incidence of the disease.[@b53-ptt-6-131],[@b54-ptt-6-131] Female with pustular psoriasis of pregnancy seldom report a personal or family history of psoriasis; but in some cases, resolution of the acute pustular form of the disease results in lingering classic psoriatic lesions.[@b55-ptt-6-131],[@b57-ptt-6-131] As mentioned, an association between this disease in pregnant female and hypocalcemia or low serum vitamin D levels may be present, but these lab findings are not evident in all patients and there is no evidence to support causality of these abnormal lab values.[@b55-ptt-6-131]

Literature on the theoretical pathogenesis of pustular psoriasis of pregnancy typically discusses possible triggers associated with development of the disease. Potential triggers include increasing levels of progesterone during the last trimester of pregnancy, hypocalcemia, and lower levels of elafin, an epidermal skin-derived antileukoproteinase, which may all contribute to the production of epidermal pustules.[@b61-ptt-6-131] Associations with hormonal contraception, increased stress levels, seasonal changes, concurrent bacterial infections, and certain medications have been described.[@b53-ptt-6-131] There have also been reports of the association between pustular psoriasis of pregnancy and hypothyroidism.[@b62-ptt-6-131]

Another important consideration in defining the theoretical pathogenesis of pustular psoriasis of pregnancy involves specific situations in which patients suffer from an acute eruption or worsening of GPP during pregnancy. Pregnancy has been noted as a precipitating factor for the new development or acute flare of GPP.[@b12-ptt-6-131],[@b16-ptt-6-131],[@b25-ptt-6-131],[@b63-ptt-6-131]--[@b65-ptt-6-131]

### Treatment

Patients should be assessed by their obstetrician for potential early induction of labor as the first and best therapeutic option for this disease. In terms of therapeutic options, systemic corticosteroids are widely accepted to be the most commonly used first-line treatment for pustular psoriasis of pregnancy ([Table 2](#t2-ptt-6-131){ref-type="table"}).[@b54-ptt-6-131],[@b66-ptt-6-131] Robinson et al[@b18-ptt-6-131] developed a treatment algorithm for GPP in pregnancy, which included cyclosporine, infliximab, topical corticosteroids, and topical calcipotriene as the first-line treatment options, in addition to systemic prednisone.[@b43-ptt-6-131],[@b66-ptt-6-131]--[@b69-ptt-6-131] Case reports regarding the successful use of cyclosporine in this disease are present in the literature.[@b11-ptt-6-131] An algorithm for second-line treatment options include PUVA and ultraviolet-B (UVB) therapy following delivery.[@b19-ptt-6-131],[@b70-ptt-6-131],[@b71-ptt-6-131] Related to this treatment regimen are published reports of successful use of retinoid photochemotherapy (involving isotretinoin and PUVA) after unsuccessful attempts with first-line therapies and following delivery of the fetus.[@b57-ptt-6-131] In cases of severe, recalcitrant pustular psoriasis of pregnancy, use of ustekinumab has also been reported as a successful alternative, despite the lack of fetal safety data and the general categorization of biologics as pregnancy category B drugs.[@b72-ptt-6-131]

As mentioned, delivery of the fetus often results in rapid resolution of the dermatitis, which should be considered in cases of severe disease despite optimal medical management.[@b5-ptt-6-131],[@b10-ptt-6-131],[@b11-ptt-6-131]

Infantile and juvenile pustular psoriasis
-----------------------------------------

While psoriasis is a common disease in children and adolescents, pustular psoriasis in patients younger than 18 years is exceedingly rare.[@b73-ptt-6-131] There are only a few reports in the literature regarding pustular psoriasis in children, owing to its rarity.[@b74-ptt-6-131] One report reviewing 12 cases of juvenile pustular psoriasis indicates a 2:1 male predominance.[@b75-ptt-6-131] The average age of onset ranges from 6.6 to 7.6 years.[@b75-ptt-6-131],[@b76-ptt-6-131] The diagnosis is typically made based on clinical and histological features.[@b75-ptt-6-131] Clinically, juvenile pustular psoriasis can present in a diffuse generalized pustular pattern similar to adult GPP, or more commonly, it can present in a circinate or annular pattern.[@b77-ptt-6-131] The affected children often have systemic findings including fever, as well as lab abnormalities such as leukocytosis and elevated erythrocyte sedimentation rate.[@b75-ptt-6-131]

The etiology and pathogenesis of juvenile pustular psoriasis are unknown.[@b75-ptt-6-131] The disease has been reported in several sibling or other familial associations, lending to the theory of at least a partial genetic component to the dermatosis.[@b78-ptt-6-131] Juvenile pustular psoriasis, like other forms of psoriasis, is often associated with identifiable triggers such as infection, vaccination, and corticosteroid withdrawal.[@b79-ptt-6-131]

### Treatment

The rarity of pustular psoriasis in children has also led to a lack of evidence-based treatment literature.[@b74-ptt-6-131] The Medical Board of the National Psoriasis Foundation has published guidelines on the treatment of pustular psoriasis in children. First-line therapy for this disease is similar to that of pustular psoriasis in adults. Acitretin, cyclosporine, etanercept, or methotrexate can each be used safely as first-line therapeutic options in children with pustular psoriasis ([Table 3](#t3-ptt-6-131){ref-type="table"}).[@b18-ptt-6-131] Second-line therapeutic options include adalimumab, infliximab, and UVB phototherapy.[@b18-ptt-6-131] Juvenile pustular psoriasis has a characteristic tendency to recur frequently, and in some cases, it has been reported to recur on an annual basis.[@b75-ptt-6-131],[@b76-ptt-6-131]

Localized pustular psoriasis
============================

Palmoplantar pustular psoriasis
-------------------------------

### History

Palmoplantar pustular psoriasis (PPP), also known as palmoplantar pustulosis, is a form of localized pustular psoriasis on the palms and/or soles. This entity was first described in 1888 by Crocker with the name "dermatitis repens".[@b80-ptt-6-131] The classification of palmoplantar pustulosis remains an area of debate. Several authors propose that PPP is a distinct entity, while others believe PPP is a variant of psoriasis.[@b2-ptt-6-131],[@b81-ptt-6-131]

### Epidemiology/presentation

Palmoplantar pustular psoriasis (PPP) presents clinically as sterile pustules with erythema, hyperkeratosis, and scaling on the palms and soles ([Figure 2](#f2-ptt-6-131){ref-type="fig"}).[@b82-ptt-6-131] The disease tends to predominate on the thenar, hypothenar, and central areas of the palms, as well as the corresponding areas of the soles, and it can extend proximally to the patient's wrists and heels.[@b81-ptt-6-131],[@b83-ptt-6-131] The pustular lesions may expand and coalesce before resolving, commonly resulting in a brown discoloration upon resolution.[@b81-ptt-6-131] PPP affects female more frequently than male.[@b84-ptt-6-131] A study conducted in Japan comparing the clinical and epidemiological characteristics of PPP and palmoplantar psoriasis found a significant female predominance of 67%.[@b83-ptt-6-131]

### Pathophysiology

Multiple precipitating factors have been found to predispose patients to the induction of palmoplantar psoriasis, including smoking, metal sensitivities, infections, trauma, stress, and medications.[@b7-ptt-6-131],[@b82-ptt-6-131],[@b85-ptt-6-131]--[@b88-ptt-6-131]

Smoking is widely known as one of the most important precipitating factors for the development of PPP. Many studies have shown the impressive association between smoking and PPP, citing the prevalence to be between 33% and 95%.[@b7-ptt-6-131],[@b9-ptt-6-131],[@b82-ptt-6-131],[@b83-ptt-6-131] Smoking has been found to be related to increased levels of IL-17, propagating inflammation in patients with a predisposition for PPP.[@b89-ptt-6-131],[@b90-ptt-6-131] Smoking can also influence the expression of nicotinic acetylcholine receptors which can be found in the acrosyringium. Patients with PPP are thought to have an abnormal response to nicotine, resulting in inflammation with smoking.[@b91-ptt-6-131] The role of smoking in the pathogenesis of PPP is further supported by the findings that cessation of smoking can lead to improvement or near resolution of PPP.[@b85-ptt-6-131],[@b86-ptt-6-131],[@b92-ptt-6-131],[@b93-ptt-6-131]

Sensitivities to metals have also been cited as precipitating factors in PPP.[@b90-ptt-6-131],[@b94-ptt-6-131] The most common metal sensitivity described is to nickel and occurs in 3% of patients with PPP.[@b83-ptt-6-131] Other metal allergies described include chrome and cobalt.[@b85-ptt-6-131]

Infections are another well-recognized precipitating factor for PPP. The most commonly cited infection resulting in an eruption or exacerbation of PPP is tonsillitis.[@b12-ptt-6-131] According to Takahara, tonsillectomy in patients resulted in subjective improvement of the disease in 94% and objective improvement of the disease in 88% of patients with PPP.[@b95-ptt-6-131] Other infections associated with PPP include dental infections such as dentoalveolar abscesses, periodontitis, and dental caries, as well as sinusitis.[@b7-ptt-6-131],[@b96-ptt-6-131] The theory that focal infections play a central role in the exacerbation of PPP is supported by evidence of improvement or near resolution of skin findings following resolution of the patient's infection.[@b7-ptt-6-131],[@b95-ptt-6-131],[@b96-ptt-6-131]

The Koebner phenomenon can also be associated with new lesions in PPP.[@b83-ptt-6-131],[@b91-ptt-6-131],[@b97-ptt-6-131] In PPP, mechanical stimulation is commonly caused by shoes, resulting in lesions on the soles of patients predisposed to the development of PPP.[@b86-ptt-6-131]

Stressful psychological conditions also impact the onset and worsening of PPP.[@b87-ptt-6-131] Results from questionnaires provided to patients with PPP showed that 43% of patients with PPP exhibited behaviors consistent with anxiety, worry, and psychosomatic disorders, compared to only 19% of subjects in the control groups.[@b87-ptt-6-131] Others have shown that up to 46% of patients report worsening of PPP during periods of stress.[@b9-ptt-6-131]

Furthermore, a seasonal influence has also been described for the onset of PPP with the onset and exacerbation worsened by humid and hot conditions.[@b7-ptt-6-131],[@b87-ptt-6-131],[@b98-ptt-6-131]

Perhaps the most frustrating precipitating factor noted for PPP is the association with anti-TNF-α inhibitors.[@b99-ptt-6-131] The importance of TNF-α-inhibitory therapy as a mainstay for treatment in chronic plaque psoriasis is well known. However, treatment of psoriasis with TNF-α inhibitors can cause a paradoxical flare of pustular psoriasis, especially of the palmoplantar morphology.[@b88-ptt-6-131] This effect has been noted to be a class effect with most TNF-α blocking medications, rather than with specific agents.[@b88-ptt-6-131] The mechanism behind the relationship between PPP and TNF-α inhibitor therapy remains to be elucidated.

In support of the theory that PPP is a clinical variant of psoriasis, authors have discussed the morphological, clinical, and histological similarities between PPP and psoriasis.[@b83-ptt-6-131] Yamamoto[@b86-ptt-6-131] discussed the relationship between PPP and psoriasis with evidence of the eruption of plaque-like lesions on the trunk of individuals diagnosed with PPP. Brunasso et al[@b83-ptt-6-131] supported the same relationship with a retrospective study comparing two groups of patients, one with PPP and the other with psoriasis, and found close similarities between the groups in age of onset, family history of psoriasis, duration of the disease, comorbidities, and smoking status. Eriksson et al[@b9-ptt-6-131] discussed similarities regarding the histology of the two diseases, specifically regarding neutrophil dysfunction and specific serum studies including eosinophilic cationic protein elevations and other chemokinetic effects in PPP compared to psoriasis vulgaris.

Authors in support of the theory that PPP is a distinct entity from psoriasis vulgaris argue several different points. Many authors discuss the strong genetic evidence of differences between PPP and psoriasis, specifically, the absence of association with PSORS1 locus in PPP, which is common for psoriasis vulgaris, and the presence of IL-36RA mutations in some patients with PPP, which are lacking in patients with psoriasis vulgaris.[@b1-ptt-6-131],[@b8-ptt-6-131],[@b17-ptt-6-131],[@b100-ptt-6-131],[@b101-ptt-6-131] Other authors argue that the strong association between smoking and metal intolerance with PPP that is absent in psoriasis vulgaris warrants distinct classification of the disease.[@b85-ptt-6-131] PPP is also associated with SAPHO syndrome (synovitis, acne, palmoplantar pustulosis, hyperostosis, and osteitis), a syndrome that does not have an association with psoriasis vulgaris.[@b92-ptt-6-131]

The pathophysiology of PPP remains as obscure as its classification. It is widely accepted, however, that the eccrine sweat gland is significant to its pathogenesis. Specifically, the acrosyringium (the most intraepidermal portion of the eccrine sweat gland consisting of the terminal spiral duct) serves as the primary site of inflammation and pustule formation, as supported by evidence of specific chemicals unique to eccrine sweat glands found in the cells lining the vesicles of PPP patients.[@b89-ptt-6-131],[@b102-ptt-6-131] Furthermore, recent studies have begun to emphasize the importance of the innate immune system in the development of PPP. Langerhans cells can be found in increased numbers in both lesional and nonlesional skin of PPP patients, supporting an antigen-driven process for inflammation in the disease.[@b98-ptt-6-131] The inflammation is further driven by the proliferation of inflammatory cytokines such as IL-8 and IL-17.[@b94-ptt-6-131] IL-17A is highly expressed in the palms and soles of patients with PPP in comparison to healthy subjects,[@b89-ptt-6-131] while interestingly, IL-12 and IL-23 are not significantly expressed in these areas of patients with PPP. These findings imply a more central role for IL-17A in the inflammatory process for PPP compared to IL-12/IL-23, a difference which could have important implications for treatment.[@b89-ptt-6-131]

### Treatment

Palmoplantar forms of psoriasis are notoriously recalcitrant to therapy.[@b36-ptt-6-131] Uncertainties regarding the pathophysiology of palmoplantar disease lead to lack of a biogenetic understanding for the development of new pharmacological therapies. Like other pustular psoriasis forms, high-quality data regarding the treatment options and efficacies are lacking for PPP. First-line topical therapy involves corticosteroids under occlusion ([Table 4](#t4-ptt-6-131){ref-type="table"}).[@b18-ptt-6-131] Adisen et al[@b97-ptt-6-131] have described successful use of topical corticosteroids, especially under occlusive dressing, for the prevention of new pustule formation in PPP, as well. Second-line topical therapy includes calcipotriene, PUVA, photodynamic therapy, and tacrolimus.[@b18-ptt-6-131] Topical treatment, however, uncommonly leads to remission of the disease, and progression to systemic treatment is often required.[@b97-ptt-6-131] First-line systemic therapy for PPP includes acitretin.[@b18-ptt-6-131]

Second-line systemic therapy involves the use of cyclosporine and biologic agents. The use of biologic agents in the treatment of PPP is becoming more pervasive, given the recalcitrant nature of the disease. The use of anti-TNF-α blocking agents, including adalimumab, etanercept, and infliximab, in PPP has been reported to be successful in case reports and small studies.[@b82-ptt-6-131],[@b103-ptt-6-131]--[@b105-ptt-6-131] Morales-Munera et al[@b82-ptt-6-131] have described the successful use of ustekinumab in five patients with severe, refractory palmoplantar pustulosis, all of whom experienced positive results in 2--3 weeks after the first dose and complete resolution at 20 weeks after therapy. Cases of PPP successfully treated with efalizumab, an anti-leukocyte function-associated antigen-1 monoclonal antibody, have also been reported.[@b88-ptt-6-131],[@b106-ptt-6-131] However, efalizumab has since been removed from the market secondary to concerns regarding progressive multifocal leukoencephalopathy.[@b36-ptt-6-131]

Acrodermatitis continua of Hallopeau
------------------------------------

### History

ACH is another localized form of pustular psoriasis which is historically described using a number of various aliases including acrodermatitis perstans, dermatitis repens, acropustulosis, and pustular acrodermatitis.[@b107-ptt-6-131],[@b108-ptt-6-131] The classification of ACH has also been controversial since it was first described, with some authors considering ACH a skin disorder distinct from GPP and others considering ACH to be a variant of the generalized pustular disease.[@b6-ptt-6-131]

### Epidemiology/presentation

ACH is a chronic form of pustular psoriasis that characteristically involves the digits and most commonly, the fingertips and nails.[@b6-ptt-6-131] ACH often presents as sterile pustules on the most distal portions of the fingers and toes ([Figure 3](#f3-ptt-6-131){ref-type="fig"}).[@b107-ptt-6-131] It is often painful and extensive with characteristic proximal progression of the sterile pustules leading to onychodystrophy or anonychia.[@b6-ptt-6-131],[@b107-ptt-6-131] ACH can have a similar presentation to other pustular disorders of the hands and feet, especially palmoplantar pustulosis. Characteristics that can be utilized to distinguish the various etiologies include ACH's predisposition for the periungual areas as well as its ability to remain localized to a limited number of digits for many years.[@b109-ptt-6-131],[@b110-ptt-6-131] ACH is most common in middle-aged female.[@b111-ptt-6-131] Further epidemiologic studies have not been conducted owing to the rarity of disease, and as such, most data have been obtained from anecdotal reports.[@b112-ptt-6-131]

### Pathophysiology

ACH, like GPP, is also associated with precipitating factors. Those precipitating factors most closely associated with ACH include localized trauma to the distal portion of a digit and localized infections.[@b1-ptt-6-131],[@b111-ptt-6-131],[@b113-ptt-6-131]

As mentioned, the classification of ACH has long been debated with ACH possibly being a distinct disease or a variant of GPP. Support for the latter classification is provided both by case reports involving the transition of ACH to GPP and the presence of IL-36RA mutations in patients with ACH, which is the same genetic mutation found in some patients with GPP.[@b6-ptt-6-131],[@b114-ptt-6-131]

### Treatment

Treatment of ACH is primarily based on data from case reports. ACH is notoriously recalcitrant to many therapies.[@b107-ptt-6-131] Treatments that have been attempted historically included antibiotics and tar.[@b107-ptt-6-131] Current first-line topical treatment for ACH is corticosteroid use under occlusion ([Table 5](#t5-ptt-6-131){ref-type="table"}). Second-line topical treatments include calcipotriol, tacrolimus, and fluorouracil, or a combination of these medications.[@b107-ptt-6-131] However, these medications often do not prevent the occurrence of relapses and progression to systemic treatment is often necessary.[@b107-ptt-6-131] First-line systemic therapies involve the use of cyclosporine and acitretin, and biologic agents. Biologic agents have more recently become the mainstay of treatment in recalcitrant forms of ACH. Ustekinumab was successfully used to treat a patient with ACH.[@b115-ptt-6-131] TNF-α inhibitors have proven to be the most efficacious and include the use of infliximab, adalimumab, and etanercept, especially in recalcitrant cases of ACH.[@b107-ptt-6-131],[@b116-ptt-6-131] Efalizumab has also historically been used successfully in the treatment of ACH, but efalizumab, as mentioned, is no longer commercially available.[@b36-ptt-6-131],[@b117-ptt-6-131] Second-line systemic therapies include systemic corticosteroids, methotrexate, retinoids, PUVA, and narrow- and broad-band UVB.[@b107-ptt-6-131]

Evidence-based treatment strategies for ACH are lacking due to the difficulty in diagnosis of ACH and the lack of knowledge regarding the pathophysiology and etiology of the disease. Future management of ACH requires larger controlled studies and further studies on the pathophysiology of the disease, which will likely guide the development of new and effective medications for treatment.

Conclusion
==========

Psoriasis vulgaris is a chronic inflammatory disease that classically affects skin and joints and is associated with numerous comorbidities. There are several clinical subtypes of psoriasis including the uncommon pustular variants, which include acute GPP, pustular psoriasis of pregnancy, infantile and juvenile pustular psoriasis, ACH, and PPP. These variants have similar histopathologic characteristics. However, the immunopathogenesis of each entity remains to be fully elucidated. As such, numerous therapies have shown variable results and most entities remain difficult to treat. In general, topical therapy should be used with lesssevere, more localized forms of the disease. There should be a low threshold to initiate systemic therapies, as most pustular forms of psoriasis are recalcitrant to topical and multiple systemic therapies. Combinations of systemic and topical therapies are encouraged. With increasing knowledge of the pathogenesis of these variants of pustular psoriasis, the development and use of biologic and other immunomodulatory therapies holds promise for the future of successfully treating pustular variants of psoriasis -- including the therapies targeting IL-1, IL-17, the p19 unit of IL-23, and potentially IL-36.

We would like to thank Professor Alan Menter for providing the clinical images for the figures presented and for his continued mentorship.
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![Generalized pustular psoriasis.\
**Notes:** Innumerable pustules studded on a background of erythematous plaques on the chest, abdomen, and upper arms. Some areas of pustules have coalesced into large plaques of crust on the lower abdomen. Used with permission of Professor Alan Menter, Baylor University Medical Center.](ptt-6-131Fig1){#f1-ptt-6-131}

![Palmoplantar pustular psoriasis.\
**Notes:** (**A, B**) Multiple pustules studded on the palmar surface of the hands with a few areas of erythematous desquamative changes. (**C, D**) Innumerable pustules and small areas of hyperpigmentation in areas of prior pustules noted on the plantar feet with desquamation and mild erythema. Used with permission of Professor Alan Menter, Baylor University Medical Center.](ptt-6-131Fig2){#f2-ptt-6-131}

![Acrodermatitis continua of Hallopeau.\
**Note:** Erythematous plaques, hyperkeratosis, and pustules confined to the distal tips of all digits with nail involvement. Used with permission of Professor Alan Menter, Baylor University Medical Center.](ptt-6-131Fig3){#f3-ptt-6-131}

###### 

Treatment of generalized pustular psoriasis

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Medication                                                  Dosage                                                                                                                                                                                                                                                                                 Route            Notes
  ----------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------- ---------------------------------------------------------------------
  **First line**                                                                                                                                                                                                                                                                                                                                                      

  **Severe acute disease**                                                                                                                                                                                                                                                                                                                                            

  Cyclosporine                                                3.5--5 mg/kg/day; if adequate response, taper down by 0.5 mg/kg every 2 weeks                                                                                                                                                                                                          Oral             Rapid onset; best for severe acute disease

  Infliximab                                                  Standard dosing                                                                                                                                                                                                                                                                        IV               Extensive disease; rapid onset; best for severe acute disease

  **First-line therapies, nonacute**                                                                                                                                                                                                                                                                                                                                  

  Acitretin                                                   0.75--1.0 mg/kg/day; maintenance: 0.125--0.25 mg/kg/day for several months                                                                                                                                                                                                             Oral             Isotretinoin may be used as an alternative (shorter half-life)

  Methotrexate                                                5--15 mg/week, increased by 2.5 mg/week until response; start at 7.5 mg/week for patients \>70 years old; maximum 25 mg/week                                                                                                                                                           Oral\            Slow onset
                                                                                                                                                                                                                                                                                                                                                     IM\              
                                                                                                                                                                                                                                                                                                                                                     IV               

  **Second-line therapies**                                                                                                                                                                                                                                                                                                                                           

  Adalimumab                                                  40 mg weekly for 2 weeks, then 40 mg every 2 weeks                                                                                                                                                                                                                                     SC               

  Etanercept                                                  50 mg biweekly, consider dose reduction to 25 mg biweekly after 24 weeks of therapy                                                                                                                                                                                                    SC               Possible worsening of pustular psoriasis, especially with comorbid\
                                                                                                                                                                                                                                                                                                                                                                      RA or IBD

  Corticosteroids                                             Prednisone 30--60 mg/day; prompt reduction in dosage after symptom improvement                                                                                                                                                                                                         Topical          

  Calcipotriene (+ systemic agent)                            5 μg/g applied twice daily                                                                                                                                                                                                                                                             Topical          

  Tacrolimus (+ systemic agent)                               0.01%--0.1% applied twice daily                                                                                                                                                                                                                                                        Topical          

  PUVA                                                        High-intensity (1.0--5.0 J/cm^2^) UVA light whole-body irradiation 2 hours after topical application of 0.6 mg/kg of 8-MOP, treatments four times weekly until clearing of skin lesions; maintenance therapy of two treatments weekly, then gradually reduced to once weekly or less   Topical          Not for acute inflammatory forms of psoriasis

  **Recalcitrant acute GPP**                                                                                                                                                                                                                                                                                                                                          

  (use combination therapies from different classes)                                                                                                                                                                                                                                                                                                                  

  Etanercept + cyclosporine                                   Standard dosing                                                                                                                                                                                                                                                                        SC/oral          

  Infliximab + methotrexate                                   Standard dosing                                                                                                                                                                                                                                                                        IV/oral          

  **Symptomatic treatments**                                                                                                                                                                                                                                                                                                                                          

  (decrease crust, scaling, and discomfort)                                                                                                                                                                                                                                                                                                                           

  TAC ointment + total body wet wraps; whirlpool treatments   Standard dosing                                                                                                                                                                                                                                                                        Topical          

  **Other reported therapies**                                                                                                                                                                                                                                                                                                                                        

  Anakinra                                                    100 mg daily                                                                                                                                                                                                                                                                           SC               

  Gevokizumab                                                 60 mg every 4 weeks for 12 weeks (three injections)                                                                                                                                                                                                                                    SC               

  Ustekinumab                                                 45 mg week 1, 45 mg week 4, 45 mg week 16, maintenance with 45 mg every 12 weeks                                                                                                                                                                                                       SC               

  Secukinumab                                                 300 mg weekly for 3 weeks, then 300 mg every 4 weeks                                                                                                                                                                                                                                   SC               

  Granulocyte and monocyte adsorption apheresis               60 minutes session twice weekly (total of seven to eight sessions)                                                                                                                                                                                                                     Extracorporeal   
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** GPP, generalized pustular psoriasis; IM, intramuscular; IV, intravenous; PUVA, psoralen plus ultraviolet-A; SC, subcutaneous; UVA, ultraviolet-A; 8-MOP, 8-methoxypsoralen; RA, rheumatoid arthritis; IBD, inflammatory bowel disease; TAC, triamcinolone acetonide.

###### 

Treatment of pustular psoriasis of pregnancy

  Medication                  Dosage                                                                                                                                      Route          Pregnancy category                       Notes
  --------------------------- ------------------------------------------------------------------------------------------------------------------------------------------- -------------- ---------------------------------------- -------------------------------------------------------------------------------------------------------------
  **First line**                                                                                                                                                                                                                  
  Corticosteroids             Prednisolone at 15--30 mg/day with maximum of 60--80 mg/day                                                                                 Oral           C/D -- use lowest dosage possible        More effective when used with cyclosporine
  Cyclosporine                2--3 mg/kg/day                                                                                                                              Oral           C                                        Not associated with increased risk of adverse effects during pregnancy at this dose
  Infliximab                  5 mg/kg at week 1, 2, and 6                                                                                                                 IV             B                                        Rapid onset, effective for acute disease
  Corticosteroids             Standard dosing                                                                                                                             Topical        Unknown -- use lowest potency possible   
  Calcipotriene               50 μg/g                                                                                                                                     Topical        C                                        
  **Second line**                                                                                                                                                                                                                 
  PUVA                        Standard dosing                                                                                                                             Topical        C                                        Not for acute disease
  UVB                         69 mJ/cm three times weekly increased at 10% increments with each treatment for sessions 1--34 and by 5% increments for treatments 34--42   Topical        Safe                                     Often effective when resistant to topical corticosteroids
  **Alternative therapies**                                                                                                                                                                                                       
  Retinoid + PUVA             Isotretinoin 40 mg/day and 5-methoxypsoralen 1.5 mg/kg body weight                                                                          Oral/topical   X                                        Only after delivery of the infant
  Ustekinumab                 Standard dosing                                                                                                                             SC             B                                        For severe, recalcitrant disease; lack of fetal safety data (biologics are generally considered category B)

**Note:** Induction of labor for delivery of the infant should be performed if possible.

**Abbreviations:** IV, intravenous; PUVA, psoralen plus ultraviolet-A; SC, subcutaneous; UVB, ultraviolet-B.

###### 

Treatment of infantile and juvenile pustular psoriasis

  Medication               Dosage                                Route     Notes
  ------------------------ ------------------------------------- --------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **First line**                                                           
  Acitretin                \<1 mg/kg/day                         Oral      Severe or recalcitrant disease; consider the potential for skeletal toxicity; relative contraindication in reproductive age girls (consider isotretinoin instead)
  Acitretin + prednisone   Standard dosing                       Oral      For acute disease
  Cyclosporine             1--3 mg/kg/day for 2--4 weeks         Oral      Fewer long-term adverse effects than retinoids, corticosteroids, or methotrexate
  Methotrexate             0.2--0.4 mg/kg/week                   Oral      Successful in children as young as 2 years of age
  Etanercept               0.4 mg/kg twice weekly for 2 months   SC        Limited data, but may have safety advantages as seen in plaque psoriasis literature
  **Second line**                                                          
  Adalimumab               40 mg every other week                SC        
  Infliximab               Standard dosing                       IV        
  UVB                      Standard dosing                       Topical   Effective as adjunctive therapy with systemic retinoids for maintenance (but contraindicated in children \<12 years old)

**Abbreviations:** IV, intravenous; SC, subcutaneous; UVB, ultraviolet-B.

###### 

Treatment of palmoplantar pustular psoriasis

  Medication                            Dosage            Route     Notes
  ------------------------------------- ----------------- --------- ---------------------------------------------------------------------------------------------------------------------------------------------------
  **First line -- local therapy**                                   
  Corticosteroids under occlusion       Twice daily       Topical   Results are transient
  **Second line -- local therapy**                                  
  Calcipotriene                         Twice daily       Topical   For single nail psoriasis or to control relapse
  Tacrolimus                            Twice daily       Topical   
  PUVA                                  Standard dosing   Topical   
  Photodynamic therapy                  Standard dosing   Topical   308 nm monochromic excimer; results not long lasting; can be used in conjunction with aminolevulinic acid and hematoporphyrin-containing ointment
  **First line -- systemic therapy**                                
  Acitretin                             Standard dosing   Oral      Can be used in combination with second-line agents
  **Second line -- systemic therapy**                               
  Cyclosporine                          1--2 mg/kg/day    Oral      
  Adalimumab                            Standard dosing   SC        
  Etanercept                            Standard dosing   SC        
  Infliximab                            Standard dosing   IV        Especially effective for rapid improvement prior to switching to another TNF antagonist such as etanercept or adalimumab
  Ustekinumab                           Standard dosing   SC        
  **Other potential therapies**                                     
  Anti-IL-17A agents                    Standard dosing             
  • Secukinumab                                                     
  • Ixekizumab                                                      
  Anti-IL-1 agents                                                  
  • Anakinra                                                        
  • Canakinumab                                                     
  PUVA                                  Standard dosing   Oral      
  Retinoid + PUVA                       Standard dosing   Oral      

**Abbreviations:** IL, interleukin; IV, intravenous; PUVA, psoralen plus ultraviolet-A; SC, subcutaneous; TNF, tumor necrosis factor.

###### 

Treatment of acrodermatitis continua of hallopeau

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Medication                                                                        Dosage                                                                                                                                                                                           Route     Notes
  --------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ --------- ------------------------------------------
  **First line -- topical**                                                                                                                                                                                                                                                                    

  Corticosteroids under occlusion                                                   Standard dosing                                                                                                                                                                                  Topical   

  **Second line -- topical**                                                                                                                                                                                                                                                                   

  Calcipotriol                                                                      50 μg/g ointment BID                                                                                                                                                                             Topical   

  Fluorouracil                                                                      5% cream                                                                                                                                                                                         Topical   Recurrence after stopping

  Tacrolimus                                                                        0.03%--0.1% cream/ointment applied BID with one application being under occlusion overnight for 1--2 weeks, then once daily under occlusion for 1--2 weeks; maintenance therapy of once weekly   Topical   Minor recurrence

  **First line -- systemic**                                                                                                                                                                                                                                                                   

  Cyclosporine                                                                      3--5 mg/kg/day                                                                                                                                                                                   Oral      

  Acitretin                                                                         45 mg/day, 35--40 mg/day, 35 mg/day                                                                                                                                                              Oral      Dosing based on case reports

  Adalimumab                                                                        Standard dosing                                                                                                                                                                                  SC        

  Etanercept                                                                        Standard dosing                                                                                                                                                                                  SC        

  Infliximab                                                                        Standard dosing                                                                                                                                                                                  IV        

  Ustekinumab                                                                       Standard dosing                                                                                                                                                                                  SC        

  **Second line -- systemic**                                                                                                                                                                                                                                                                  

  Corticosteroids                                                                   Prednisolone 75 mg daily                                                                                                                                                                         Oral      

  Single dose of triamcinolone acetonide 60 mg, then repeat dose 1--2 weeks later   IM                                                                                                                                                                                                         

  Methotrexate                                                                      15--25 mg/weekly                                                                                                                                                                                 Oral      

  Etretinate                                                                        20 mg/day gradually increased to 70 mg/day over 5 months;\                                                                                                                                       Oral      Dosing based on case reports
                                                                                    25 mg BID for 1 month then decreased to 35 mg                                                                                                                                                              

  PUVA-bath                                                                         24 treatment sessions                                                                                                                                                                            Topical   Dosing based on case reports

  Broadband UVB and thalidomide                                                     BB-UVB + thalidomide 50 mg/day for 2 months                                                                                                                                                      Topical   Dosing based on case reports

  8-MOP + narrow band UVB                                                           0.1% 8-MOP applied following NB-UVB phototherapy twice weekly                                                                                                                                    Topical   

  Narrow band UVB                                                                   Targeted NB-UVB twice weekly starting at 80% minimum erythema dose and increasing by 20% each session                                                                                            Topical   Dosing and results based on case reports

  **Other reported combinations**                                                                                                                                                                                                                                                              

  Etanercept + acitretin                                                            Etanercept 25 mg twice weekly + acitretin 75 mg/day, then increasing etanercept to 50 mg twice weekly                                                                                                      

  Etanercept + methotrexate                                                         50 mg twice weekly + methotrexate 10 mg weekly                                                                                                                                                             

  Acitretin + prednisone + infliximab                                               Acitretin 0.25 mg/kg/day orally + prednisone 10 mg/day orally + infliximab 5 mg/kg IV for 2 weeks, then infliximab only 5 mg/kg IV every 8 weeks for maintenance                                           
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** BID, twice daily; IM, intramuscular; IV, intravenous; PUVA, psoralen plus ultraviolet-A; SC, subcutaneous; UVB, ultraviolet-B; 8-MOP, 8-methoxypsoralen; NB-UVB, narrowband ultraviolet B.
